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TUBULAR BRIDGE STRUCTURAL
OPTIMIZATION USING FINITE
ELEMENT METHODS

METHOD
1. Different grain patterns and layering strategies of carbon fiber are explored. Each of these grain patterns are tested using FEA
methods to determine which grain pattern and which layering scenario is the strongest.

5. Each of the geometries below is tested using the finite element analysis software Abaqus. An example of the resulting analysis is
below. This example shows what a potential gradient of stresses caused by tension forces applied where the green arrows are. This
test shows the strengths and weaknesses of each of the propose geometries.
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ABSTRACT
A tubular bridge made out of carbon-fiber-reinforced polymer
(CFRP) with varying structural properties is being optimized to its
specific loading requirements using finite element analysis (FEA)
tools. The goal of this project is to design a method for reducing
the amount of material required to achieve an acceptable
structural strength. This is done to reduce construction costs and

provide the capability to form surfaces that existing construction
materials are incapable of. This research involves the analysis of
carbon fiber’s material performance using finite element methods
to guide decision making regarding the prototype’s construction.
Geometries developed through parametric modeling are tested
to show the formability and structural properties of CFRP.

Different grain patterns of CFRP

One possible layering strategy,
arrows represent tension forces

Stress strain curve of how two different grain patterns
respond to the same tension force

2. The desired general form of this pedestrian bridge concept is a tube. This is to explore structures composed out of surfaces from
an architectural perspective. As mentioned before, the tube form allows for a structure that is composed of a single module that is
repeated across the entire form.

Peace Bridge, Calgary Canada, designed by Santiago Calatrava
Image: http://ianharding.com/wp-content/uploads/2012/03/Harding-

La Roche-sur-Yon Footbridge, France, designed by Bernard Tsuchmi
Image: Inahbitat

BACKGROUND
We wanted to apply our research to a common architectural/
structural typology: the tubular pedestrian bridge. These bridges
allow a continuous structural surface to define both the exterior
and interior form. They allow a single material to create a fully
enclosed walkway usually formed through an easily repeated
module. However, these structures are problematic in the sense
that they do not use material layering to reduce cost. This means
that the modular structural unit that is repeated across the
tube form is treated the same and manufactured with the same
thickness at all points along the tube. We believe that a more

Carbon Fiber Weaving and Resin Transfer Molding
Image: Core77

http://www.thegreenhead.com/2009/01/glass-waterbottles.php

http://www.luxurylaunches.com/wp-content/uploads/2012/12/Formula1-Carbon-Fiber-Wind-Tunnel-Helmets-2.jpg

Cougar Off Shore
Fiber Beam Element Analysis

3. To allow for geometrical variance across the length of the bridge and to take advantage of the formability properties of carbon
fiber, the bridge is broken into identical generic cells. The geometries of these cells are then modified using the parametric modeling
platform provided by Rhino/Grasshopper.

informed approach to the way stresses will be distributed along
the surface of the tube will allow for a more informed structural
design. To this end, we will be using Finite Element Methods such
as Finite Element Analysis (FEA) to analyze the distribution of
loads across a form. From this map of forces we will use a layered
material (carbon-fiber-reinforced polymer) to create a surface
structure that can be different thicknesses in different portions
of the bridge according to loading requirements. The main aim
of this project is to explore the benefits of layering orthotropic
materials for architectural purposes.

IMPEC BMC Lamborghini Bike
Image: Uncrate

Below are some examples of finite element analysis. Finite element
methods can be used in a wide variety of physical problems:
structural analysis, solid mechanics, electrical analysis, and more.
In terms of structural analysis FEA could be applied to bridge,
cantilevers, loading a beam, etc. Solid mechanics benefit from

6. Using the information from the FEA testing of each geometry, several configurations can be created in order to find the best possible
layout. Each configuration is stronger in some areas along the resulting structure and weaker in some areas. Below is one such
configuration of the cells developed in previous steps. This demonstrates what one portion of the bridge would look like.

FEA when it is used on machine and automotive components.
FEA in the context of this project will uncover which points along
the structure will require thicker material and which areas will
not require as much.

Static Analysis of a Bike Frame SolidWorks is
Engineering, SolidWorks is Statics, by Marie Planchard

Long-term Effects in Prestressed Concrete Box Girder
Bridges , by Trung Van Doan

4. A series of geometries are created using the 3d modeling software Rhinoceros. These geometries are meant to explore the formability
of carbon fiber as a cast or molded material. These geometries are not as easily created in more conventional materials such as wood
or steel. Inspired by formed plastic water bottles that use varying patterns of corrugation and surface treatments to achieve different
stiffness and rigidity with the same material, the components below are an exploration of how different forms of CFRP can have
different structural properties.

7. Finally, the resulting tubular structure can then be tested using Abaqus FEA to simulate pedestrians walking on the bridge, and the
results used to rearrange cells and change material orientations. This results in a cyclical optimization process, resulting in a bridge
with the highest strength-to-volume ratio for the given cell geometries.

